Background: This study aimed to perform a systematic literature review of the clinical trial evidence on electrical stimulation for the treatment of neurogenic bowel dysfunction (NBD) after spinal cord injury (SCI).
Introduction
Neurogenic bowel dysfunction (NBD) is a disease involving the loss or absence of normal bowel function due to nerve injury, neurological disease, or congenital defects of the nervous system. [1, 2] Fecal incontinence, difficulty with evacuation, constipation, abdominal pain, and bloating are the common clinically symptoms of NBD. [3] Among the common causes of NBD, spinal cord injury (SCI) has been given more attention by clinical doctors. According to some reports, approximately 80% of SCI was accompanied by NBD. [3, 4] It has been revealed that people with NBD often suffer from decreased quality of life, such as loss of independence, feeling of embarrassment, mental disorder, social isolation, etc., especially in SCI patients. [5, 6] The conservative treatments for NBD after SCI include oral laxatives, suppositories, and digital anorectal stimulation. With the increase of the research on NBD, new treatments have been found by clinicians, for example, colostomies, malone anterograde continence enema procedure, artificial bowel sphincters, and graciloplasties. [7] The mechanisms of those treatments are mainly through promoting intestinal fecal evacuation and strengthening the power of the anal sphincter to improve the function of bowel. Despite trying several measures, there were still numerous patients that either did not gain an acceptable level of therapeutic benefit or remained completely refractory to treatment.
Treatment was not frequently satisfactory; accordingly, other therapies should be explored. Recently, some studies have reported the use of electrical stimulation for the safe treatment of patients with NBD after SCI. [8] [9] [10] For instance, Worsoe et al [11] Editor: Johannes Mayr.
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performed a stimulation, applied with plaster electrodes using an amplitude of twice the genito-anal reflex threshold (width: 200 m s; rate: 20 Hz), on patients with complete supraconal SCI, and found that the dorsal genital nerve stimulation led to an acute decrease of the rectal cross sectional area (CSA) and the rectal pressure CSA relation. Han et al [12] reported that the use of intravesical electrical stimulation therapy was effective in children aged 3.9 to 13.2 years old with NBD and spina bifida. However, few studies have been conducted on the assessment of the efficacy of randomized controlled trials of electrical stimulation in the patients with NBD after SCI. Besides, the type of SCI, different intervention, variable pathophysiology of NBD could also influence the interventional safety and efficacy of electrical stimulation.
Based on these uncertainties, the current systematic review was primarily aimed to rigorously examine the clinical evidence on the efficacy of electrical stimulation in the treatment of NBD after SCI.
Materials and methods
This review, which systematically evaluated the safety and efficacy of electrical stimulation therapy for patients with NBD after SCI, was designed using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist. We conducted a comprehensive literature search in PubMed/Medline (1966 In this review, all the selected studies were required to meet the following inclusion criteria: the study adopted a controlled clinical design based on human population; the subjects suffered from spinal cord injury, spina bifida, myelomeningocele, intervertebral disc, or foraminal stenosis; the intervention was electrical stimulation; the article reported the diagnostic criteria of NBD, especially described the information of colorectal and anal sphincter dysfunction; the outcomes included the colonic transit time, the stool consistency, stool frequency, anal-rectal pressure measurement, subjective satisfaction, score of neurogenic bowel function, and so on; the language was limited to English and Chinese. If a study did not meet the above-mentioned criteria, it was excluded.
The potential studies were independently selected by 2 reviewers according to the predetermined inclusion and exclusion criteria. In the process of retrieval, if divergences of opinion on the articles arose, a third reviewer evaluated the eligibility of the article in question.
In this review, a standardized form of risk of bias, which was adapted from the Cochrane Effective Practice and Organisation of Care (EPOC) Group, was used to identify the study quality. [13] The instrument recorded 9 criteria, including "was the allocation sequence adequately generated?," "was the allocation adequately concealed?," "were baseline outcome measurements similar?," "were baseline characteristics similar?," "were incomplete outcome data adequately addressed?," "was knowledge of the allocated interventions adequately prevented during the study?," "was the study adequately protected against contamination?," "was the study free from selective outcome reporting?," and "was the study free from other risks of bias?." If an index was assessed "low risk," it could have 1 score. If a study scored <4, it was considered of low quality; if a study scored 4 to 6, it was considered of moderate quality; and if a study scored >6, it was considered of high quality.
In this systematic review, ethical approval was not necessary as all the data were based on the previous published studies.
Results

Search results
In this systematic review, the search strategy initially identified 641 publications. For various reasons, 630 of these 641 articles were excluded. Accordingly, this process resulted in 11 articles being identified as meeting the rigid inclusion criteria. All the included studies were published between 1997 and 2015. Among the 11 articles, 3 [9, 14, 15] were randomized controlled trials and 8 [8, 11, 12, [16] [17] [18] [19] [20] were self-controlled trials. One article [15] was published in Chinese. The screening process is summarized in Fig. 1 .
Quality assessment of included studies
In this systematic review, the checklist of risk bias with EPOC (see Table 1 ) indicated that 1 study achieved 3 score, 4 studies achieved 4 scores, 4 studies achieved 5 scores, 2 studies achieved 6 scores. Overall, the quality of the included studies was moderate bias risk.
Characteristics of subjects in the included studies
The subjects of 5 studies [8, 9, 12, 14, 17] were children (see Table 2 ). Most of the included studies [8, 9, 11, 12, 16, [18] [19] [20] had a small sample size with <50 cases except for 3 studies. [14, 15, 17] The types of SCI were mainly focused on spinal bifida, myelomeningocele, and complete suprasacral SCI, but most of the studies did not provide the severity of the SCI.
Interventional information on electrical stimulation
The basic interventional informations of electrical stimulation for patients with NBD after SCI were shown in Table 3 . The types of electrical stimulation referred to transcutaneous electrical stimulation, [9, 14, 16] transrectal bowel stimulation, [17] intravesical electrical stimulation, [12] sacral nerve stimulation, [19, 20] dorsal genital nerve electrical stimulation, [11] percutaneous tibial nerve stimulation, [15] threshold night-time electrical stimulation, [8] implantable neuroprosthesis for stimulating the sacral nerves and posterior. [18] With the different types of electrical stimulation used, the length of one session, course of intervention, frequency of the intervention, electrode area, frequency of electrode, and pulse width were variously different.
Main outcomes of the included studies
Despite disadvantages in 1 single study, on the whole, the main outcomes of electrical stimulation were safe and effective for the patients with NBD after SCI (see Table 4 ). However, due to the limitations regarding the sample size, study design, duration of 
Discussion
To the best of our knowledge, this systematic literature review is the first paper to evaluate the efficacy and safety of electrical stimulation therapy in the current clinical use for NBD after SCI. This review includes 11 articles represented on the most comprehensive systematic analysis of electrical stimulation therapy for this indication to date. In this study, we found that there were several methods of electrical stimulation for the treatment of NBD after SCI, and they mainly involved the transcutaneous electrical stimulation, transrectal bowel stimulation, intravesical electrical stimulation, sacral nerve stimulation, dorsal genital nerve electrical stimulation, percutaneous tibial nerve stimulation, etc. The main mechanism of the electrical stimulation therapy was the promotion of the healthy function of the intestinal function through improving blood flow, promoting protein synthesis, reinforcing muscular strength, and regulating nerve transmission. In this review, 3 studies revealed the efficacy and safety of transcutaneous electrical stimulation for NBD after SCI. Transcutaneous electrical stimulation could stimulate sympathetic and parasympathetic nerve fibers in the bowel system and reduce the pressure of the internal and external sphincter in the anus. The outcomes of this treatment included a reduction of the difficulty of defecation and an increase of the frequency of com defecation in SCI patients with NBD. These studies demonstrated that transcutaneous electrical stimulation therapy was safe, noninvasive, and painless for the patient with mild or moderate constipation. The results of the 3 studies were in line with other studies despite including different population. [21] [22] [23] [24] Regarding the transrectal bowel electrical stimulation, there were few study about their efficacy among patients with SCI. Palmer et al [17] carried out a self-control study with 55 children aged 2 to 14 to assess the efficacy of transrectal bowel stimulation for NBD. They found that 68% of the patients had significantly improved bowel function. This therapy could improve the ability to control the intestinal tract, enhance the sense of the need to defecate, and reduce intestinal peristalsis, so as to reduce the rate of fecal incontinence. In addition, it was suitable for patient with myelomeningocele and NBD with several advantages, such as being well tolerated, minimal invasion, and no adverse reaction. However, we could not find the results of the application in the adults.
Intravesical electrical stimulation was frequently used to improve the bladder function not only in the humans trials [25] [26] [27] but also in animal experiment. [28, 29] The goal of this treatment could be achieved by decreasing intravesical pressure and increasing urinary bladder capacity, or by facilitating bladder emptying. [30] Similarly, intravesical electrical stimulation could also be used to treat the patients with NBD after SCI. Han et al [12] carried out a selfcontrolled study in 24 children with spina bifida to evaluate the efficacy of this therapy. After the intervention, the number of overall fecal incontinence episodes decreased significantly. Because of the advantages of the simple operation and excellent performance, he appraised that intravesical electrical stimulation was a viable option to control fecal incontinence in children with NBD and spina bifida.
In 1995, sacral nerve stimulation was introduced for idiopathic fecal incontinence, and then subsequently its indications had spread to include fecal incontinence of other etiologies. [31] For sacral nerve stimulation, the electrode was often placed through a sacral foramen between S2 and S4. Among the studies in this review, Jarrett et al [19] carried out a clinical study with 13 patients who had suffered from partial spinal injury to assess the efficacy of sacral nerve stimulation for fecal incontinence. He evaluated several indexes, such as the number of episodes of fecal incontinence per week, the number of days per week with staining or pad use, the ability to empty the bowel completely, and found that sacral nerve stimulation could benefit those patients. Javidan et al [32] also reported the beneficial effect of sacral nerve stimulation on bowel and bladder function in patients with SCI. To date, the mechanism of sacral nerve stimulation remained ambiguous. Most clinical data tended to Table 2 Characteristics of the subjects in the included studies. 
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show enhancement in striated muscular activity and neuromodulation of sacral reflexes. [33] However, sacral nerve stimulation, overall, was a relatively safe and effective technique for the patients with NBD and SCI despite the minimally invasive procedure.
The difference of causes and levels of SCI could also influence the effect of electrical stimulation for the NBD patients. For instance, Kim et al [34] had classified 33 SCI patients into 2 groups according to the level of cord injury: above T9 and T9 to L2. After 4 weeks of electrical stimulation treatment, this study found that the electrical stimulation to the sacral dermatomes could significantly increase the mean squeezing pressure of rectoanal manometry on the T9 to L2 SCI patients than the group of level above T9.
In this review, although several studies achieved a positive result about the safety and efficacy of the electrical stimulation procedure for those patients with NBD after SCI, the study inevitably still had several flaws. For instance, approximately 70% of the studies were designed as a self-controlled study, which resulted in an unclear data to assess the influence of the spontaneous recovery or the electrical stimulation during the process of rehabilitation. Moreover, randomized group division and blinding method were not designed in those studies. Even the length of the treatment course, sample size, withdrawal of the subjects from the study, the severity of the SCI, etc. could also affect the accuracy of the results. Therefore, in order to accomplish an accurate assessment of the efficacy of electrical Table 3 Interventional information on the electrical stimulation. stimulation for NBD after SCI, it is necessary to perform a study in the future with larger sample size and well-designed randomized control trial.
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